described the development of pulmonary vascular obstructive disease in patients with transposition of the great arteries. The coexistence of a ventricular septal defect or persistent ductus arteriosus appears to accelerate the development of pulmonary vascular obstructive disease and a substantial number of patients with these associated lesions will have a fixed high pulmonary arteriolar resistance by the end of the first year of life (Viles et al., 1969; Newfeld et al., 1974) .
When, in the past, patients with severely raised pulmonary arteriolar resistance have had the Mustard operation for redirection of venous inflow with closure of ventricular septal defect, the mortality has been high, and such patients have been considered inoperable (Mair et al., 1971 procedure and be a cause of late death (Mair et al., 1976) . In 1972, Lindesmith introduced the concept of the palliative Mustard operation, in which the redirection of venous inflow is performed, but the ventricular septal defect is left open (Lindesmith et al., 1972) . In 1975 an experience with 10 patients with no operative mortality and with substantial clinical improvement in each was reported (Lindesmith et al., 1975) .
Although our present policy is to perform the Mustard operation at 8 to 12 months of age for simple transposition of the great arteries, and at 3 to 4 months for transposition plus ventricular septal defect (with closure of the ventricular septal defect) (Stark, 1976) (Stark et al., 1976b) . Nineteen of these patients had a ventricular septal defect and 3 had an intact ventricular septum (Table 1) . A palliative Mustard operation was also done in 1 patient with double outlet right ventricle and d-malposition. chambers, the great arteries, venae cavae, and pulmonary veins. Flows were calculated using the Fick principle and an assumed oxygen consumption. Pulmonary arteriolar resistance was calculated from the mean pressure drop across the pulmonary circulation and the pulmonary blood flow corrected for body surface area (in units m2).
All 23 patients were cyanosed and had very limited exercise tolerance. Systemic arterial saturation varied from 45 to 79 (mean ± 1 SD 65 ± 11 %).
Preoperative haemoglobin varied from 13-1 to 23-5 g/dl (19-2 ± 3-1 g/dl). Only one patient had a haemoglobin below 16 g/dl and was relatively anaemic. Pulmonary arteriolar resistance (16-7 + 8-3 units m2) was below 8 units m2 in only one patient, and was as high as 35 units (Table 3) . A trouser-shaped intra-atrial baffle was used (Stark, 1973 Pre-and postoperative data were compared using standard statistical methods (Snedecor and Cochran, 1967) . As it has been shown that the palliative Mustard operation results in more than a simple reversal of pulmonary and systemic venous inflow (Mair et al., 1976) , we analysed preoperative catheterisation data to find out whether there was any correlation between preoperative data and postoperative systemic arterial oxygen saturation.
Stepwise regression analysis was used (Dixon, 1976) . The dependent variables were postoperative systemic arterial oxygen saturation, the difference between this and preoperative pulmonary artery oxygen saturation, and the increase in systemic arterial oxygen saturation after operation. Independent variables included original values and logarithms of preoperative pulmonary arteriolar resistance, haemoglobin, pulmonary artery oxygen saturation, pulmonary arteriovenous oxygen difference, mean pulmonary artery pressure, mean aortic pressure, and the pulmonary/systemic pressure ratio.
All patients survived the operation. Artificial ventilation was used for 1 to 20 days (mean 3.7 days, median 2-0 days). Five Postoperative haemoglobin ranged from 10-6 to 17-8 g/dl (13-8 ± 2-2 g/dl) in the 14 patients in whom it was measured. This value is significantly lower than the preoperative value in these 14 patients (P < 0 05) ( Table 4) . The difference between postoperative systemic arterial saturation and preoperative pulmonary atery saturation ranged from -10 to + 19 per cent (mean 7-2 ± 6 3%). The only preoperative variable which was found to correlate with postoperative Sao2 was pulmonary arteriovenous oxygen difference. There was a significant (P < 0'005) positive correlation between pulmonary arterial venous oxygen difference and the difference between the preoperative pulmonary artery saturation and postoperative systemic arterial oxygen saturation. This relation was not significantly different in those patients whose postoperative Sao2 was greater than 90 per cent, and those in whom it was less than 90 per cent (Fig.) . OP/Os = pulmonary/systemic flow ratio.
PA-LA = difference between mean pulmonary arterial and left atrial pressures. *In Case 5 preoperative pulmonary artery pressure was recorded distal to pulmonary artery band.
All 5 of the patients studied postoperatively have raised pulmonary arteriolar resistance (Table 5) . This is not unexpected and confirms the results of others (Lindesmith et al., 1975; Bernhard et al., 1976) .
In one patient (case 5) in whom 3 years elapsed between preoperative and postoperative catheterisations the calculated pulmonary arteriolar resistance rose after operation; this may be accounted for by the presence of biventricular failure, with left ventricular end-diastolic pressure 22 mmHg.
Discussion
The development of pulmonary vascular disease in patients with transposition of the great arteries causes severe physiological consequences which are responsible for their clinical deterioration. Not only is pulmonary blood flow decreased, but mixing of pulmonary and systemic venous blood is decreased (Mair et al., 1976) . Thus, there is further hypoxia and polycythaemia, decreased exercise tolerance, and the possibility of thromboembolic complications. The 'palliative' Mustard operation for transposition of the great arteries with pulmonary vascular obstructive disease as introduced by Lindesmith has resulted in substantial clinical improvement in all patients and appears to be a low risk operation in our experience as well as in that of others (Table 6 ).
After operation there was an increase in systemic arterial oxygen saturation in every patient, though it was only minimal in one. This increase in These results substantiate those of others (Mair et al., 1976; Bernhard et al., 1976) and indicate that more than a simple reversal of pulmonary and systemic venous inflow has occurred after operation. This 'bonus' has been shown by Mair et al. (1976) to be the result of two factors: one is the increase in systemic resistance which occurs as a result of the increased arterial oxygen saturation. This would be expected to diminish the physiological right-to-left shunt occurring across the ventricular septal defect. The other factor is the increased saturation of systemic mixed venous blood resulting from the increased effective flow. Thus, whatever systemic venous blood recirculates to the aorta via the ventricular septal defect will have less effect on the resultant systemic arterial oxygen saturation. The ventricular septal defect probably serves to 'decompress' the left ventricle should the pulmonary resistance increase. In patients with an intact ventricular septum, a ventricular septal defect was created in the apical portion of the septum for this purpose. The palliative Mustard operation is also useful in patients with double outlet right ventricle, malposition, and pulmonary vascular obstructive disease who are cyanotic because of unfavourable streaming (Bernhard et al., 1976) . We observed a satisfactory result in one such patient. The palliative Mustard operation is currently indicated in those patients with pulmonary arteriolar resistance greater than 8 units M2. It has been shown that the operative mortality for patients with transposition of the great arteries, ventricular septal defect, and pulmonary arteriolar resistance more than 10 units m2 is very high; in one report 7 of 8 patients did not survive operation (Mair et al., 1976) . Furthermore, in those who have severe pulmonary vascular obstructive disease but survive the Mustard operation with closure of the ventricular septal defect, the risk of late death caused by progressive pulmonary vascular obstructive disease may be increased.
Good results achieved with the palliative Mustard operation should not diminish our efforts to diagnose and treat all children with transposition of the great arteries early, before they develop a severe degree of pulmonary vascular obstructive disease. 
